
PCT/GB 2004 / 0 0 2 1 35 



^ Office 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 




INVESTOR IN PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
rll^u^ ? ?T Cting 0111 Act 1994 ' to ^ ^ i~ certificates on behalf of die 

222? fi,^ eDe ' 7 ^ ** " ,DB " d hereto is a °f documents as 

originally filed in connection with the patent application identified therein 



StS?^ 7 ? 6 Pat6ntS (C ° mpanies Registration) Rules 1982, if a company named 
SS? ^ m aCC ° mpanym S documents has re-registered under the Companies Act 
"f 10 """P 38 *»* with which it was registered immediately before re- 

witW^ anyaCC ° mpanyin8 ^uments shall be treated as references to the name 

with which it is so re-registered. 

or PLC^ rUleS ' ^ W ° rdS " PUbliC ^ C ° mpany " ^ be replaced * plc ' • 



^hSl 8 ^ 011 ^ ^ Companies Act does n ot constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



REC'D 0 4 OCT 2004 



WIPO 



PCT 




Signed 
Dated 20 May 2004 



Patents Form 1/77 jjg&t^' ^ " ; ~" Tb&\. 

Patent 



Patents Act 1977 

(Rule 16) 



Office 



1 




POl/7700 0.00-0311*95.6 



Request for grant of a^a*«ff4" 

(See le notey on the back of this form. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 



The Patent Office 

Concept House 
Cardiff Road 
Newport 

South Wales NP10 8QQ 



Your reference 



AWP/PEH/P61949/000 



Patent application number 
(The Patent Office will fill in this part) 



1 9 MAC 20ra 



0311495.6 



Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



GIBBS TECHNOLOGIES LIMITED 
AVENUE ROAD 
NUNEATON 
WARWICKSHIRE 
CV11 4LY 



ENGLAND AND WALES 



Title of the invention 



A JET DRIVE FOR AN AMPHIBIOUS VEHICLE 



Name of your agent Clfyou have one) 



BOULT WADE TENNANT 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 

Patents ADP number (if you know it) 



VERULAM GARDENS 
70 GRAY'S INN ROAD 
LONDON WC1X 8BT 

42001 



s 

/ 



If you are declaring priority from one or more 
earlier patent applications, give the country and the 
date of filing of the or of each of these earlier 
applications and (if you know it) the or each 
application number 



Country 



Priority application number 
(if you know it) 



Date of filing . 
(day/month/year) 



If this application is divided or otherwise derived 
from an earlier UK application, give the number 
and the filing date of the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right to grant YES 

of a patent required in support of this request? 
(Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor t or 

b) there is an inventor who is not named as an applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Patents Form 1/77 



Patents Form 1/77 



9. 


Enter the number of sheets for any of the 
following items you are filing with this form. Do 
not count copies of the same document 

Continuation sheets of this form 


• 




Description 


12 




Claim(s) 


5 




Abstract 






Drawing(s) 

- 




10. 


If you are also filing any of the following, state 
how many against each item. 






Priority documents 


/ 




Translations of priority documents 






Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 


1/ 

/ 




Request for preliminary examination 
and search (Patents Form 9/77) 




Request for substantive examination 
(Patents Form 10/77) 


1 




Any other documents 
(Please specify) 




1 1 

X. ± 




I/We reauest the erant of a natent on the basis of this application. 
Signature- — ^ ^ Date 






^ U^-v--^*-^^ 19 MAY 2003 


12. 


Name and daytime telephone number of person to 
contact in the United Kingdom 


PAUL HICKS 
020 7430 7500 



Warning 

After an application for a patent has been filea\ the Comptroller of the Patent Office will consider whether publication or 
communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You will be informed if 
it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the United Kingdom, Section 23 of the 
Patents ct 1977 stops you from applying for a patent abroad without first getting written permission from the Patent Office unless an 
application has been filed at least 6 weeks beforehand in the United Kingdom for a patent for the same invention and either no 
direction prohibiting publication or communication has been given, or any such direction has been revoked 

Notes 



a) - If you need help to fill in this form or you have any questions, please contact the Patent Office on 01645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate sheet of 
paper and write a see continuation sheet" in the relevant part(s). Any continuation sheet shoidd be attached to this form. 

d) ' If you have answered 'Yes ' Patents Form 7/77 will need to be filed 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 

Patents Form 1/77 



- 1 - 

A JET DRIVE 
FOR AN AMPHIBIOUS VEHICLE 

The present invention relates to a jet drive, and in 
5 particular to a jet drive for use in an amphibious vehicle. 

Jet drives are commonly employed in marine vessels as an 
alternative means of propulsion to shaft driven propellers , stern 
drives or outboard motors. A jet drive generates a propulsive 
10 thrust in a first direction as a result of a reaction force 

created upon forcing a jet of water in a second opposite 
direction. 

Conventional jet drives have overall aspect ratios of at 
15 least 5:l f more typically 6:1; where the overall aspect ratio is 

calculated as the axial length of the fluid flow path through the 
jet drive divided by the mean diameter of the impeller. Such jet 
drives are designed to power marine vessels having smooth hulls 
from standing (i.e. fully displaced) up to speed, including 
20 speeds where sufficient hydrodynamic lift is generated due to 

speed through water that the hull rises up out of the water onto 
the plane. A conventional jet drive is designed for maximum 
thrust at high jet speeds to maximise the top speed achievable by 
the vessel. Furthermore, the aspect ratio of a conventional jet 
25 intake, calculated as its length over its width, varies from 1.9 

to 3.3 or even more . 

Whilst conventional jet drives have proved to be ideal 
propulsion means for dedicated marine vessels, they have not done 

30 so for amphibious vehicles. An amphibious vehicle presents quite 

unique problems and considerations both in terms of performance 
and packaging requirements. There is a need to optimise 
performance of the vehicle both in marine and land modes and to 
cater for the transition between marine and land modes and vice- 

35 versa. This presents conflicting requirements and it has been 

found that conventional • jet drives are poorly suited to the 
requirements of an amphibious vehicle, it not being possible to 
optimise both on-water and on-land performance. 
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In the past, designers of amphibious vehicles have focussed 
their efforts on optimising either on-water or on-land 
performance. As a result, ' either on-water performance has been 
sacrificed in order to give satisfactory on-land performance, or 
5 on-land performance sacrificed to give satisfactory on-water 

performance . 

Conversely, the present applicant has preferred to design 
an amphibious vehicle having optimised on-land and on-water 
10 performance. To this end, the applicant has gone against 

conventional thinking and overcome previous technical prejudices 
in arriving at the jet drive according to the. present invention. 

In particular, the applicant has found it desirable for the 
15 hull of an amphibious vehicle to have shallow deadrise angles 

(approximately 5 degrees) as compared to that of a conventional 
planing hull (10 to 25 degrees). This enables sufficient ground 
clearance when on land without compromising handling and 
performance of the vehicle in land mode by having to raise 
20 mechanical components and occupant seating to suit conventional 

deadrise angles. This would increase frontal area, and thus 
aerodynamic drag; and also raise the centre of gravity, thus 
increasing cornering roll and decreasing passenger comfort. The 
adoption of low dead rise angles is contrary to what has been 
25 previously accepted as being necessary for a planing marine hull. 

Furthermore, the hull of an amphibious vehicle is not as 
smooth as that of a dedicated marine hull due to the need for 
wheel arch cut outs to accommodate retractable wheels. In the 

30 past, designers have expended great effort in providing complex 

moving cover mechanisms for such wheel arch cut outs to re- 
establish the smooth uninterrupted lines of a conventional marine 
hull when the wheels are retracted. This is done in order to 
minimise the through water drag of the hull, and to optimise on- 

35 water performance. The higher the drag coefficient of a hull, 

the more difficult it is for that hull to be a planing hull. 
Alternatively, in the past, one solution was to omit wheel arch 
cut outs completely. Instead, the road wheels were kept outboard 
of the hull in both the protracted or lowered (on-land), and the 
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retracted or raised (on-water) condition. Indeed, in certain 
cases, road wheels are fixed in a lowered position both in land 
and marine modes. This arrangement also has consequences for 
both on-water and on-land performance due to the unusual weight 
distributions and increased wheel track dimension. 

In the amphibious vehicle of the present applicant, 
however, wheel arch cut outs in the hull have been retained but 
optimised to minimise through water drag as far as possible, as 
described in the applicant's co-pending UK patent application 
entitled 'A Hull For An Amphibious Vehicle' , reference 
AWP/PEH/P62458/000. No wheel arch covers are, used. A net 
increase in the drag coefficient of the hull as compared to that 
of a dedicated marine hull has thus been accepted. 

As such, the present applicant has been able to optimise 
on-land vehicle handling and performance at the expense of 
reduced dead rise angles and increased water drag of the hull. 
This route has challenged conventional thinking, but has 
resulted in an amphibious vehicle which can still achieve 
sufficient through water speed and hydrodynamic lift to get the 
vehicle up onto the plane. As such, on-water performance is not 
compromised. This has been -achieved using a jet drive which 
provides enhanced thrust at low jet speeds , to overcome the 
increased drag and reduced dead rise angle, and so to power the 
amphibious vehicle up onto the plane. Conventional marine jet 
drives cannot provide this performance. 

Furthermore, in order to obtain satisfactory on-water 
performance, and in particular to achieve satisfactory planing 
characteristics in an amphibious vehicle, it has been found that 
a mid- or rear-mounted engine is preferred, with driven rear 
wheels. This optimises weight distribution on water, and also 
helps optimise on-road performance. This arrangement presents 
packaging problems in terms of the amount of space available for 
a jet drive and for the power transmission thereto. Conventional 
marine jet drives cannot be accommodated satisfactorily in an 
amphibious vehicle when the engine is mid- or rear-mounted and 
the rear wheels are driven, because the rear axle differential 
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heavily restricts the space available for the water jet intake. 
Again, the jet drive according to the present invention has been 
developed with an aspect ratio of less than 4:1, preferably less 
than .3.2:1, and yet beneficially achieves the low speed increased 
5 thrust requirements. The short intake used results in an intake 

length to width ratio less than 1.5, preferably less than 1,2; or 
even more preferably, less than 0.95. Thus, the jet drive can be" 
packaged within tight confines, to the extent that there is no 
overhang of the jet drive beyond the rear transom of the vehicle. 

10 This is important from several aspects. Firstly, it prevents a 

sharp object such as a steering nozzle or reversing bucket 
protruding beyond the bodywork of the vehicle, where they can- 
suffer damage through grounding, backing into kerbs, etc. 
Secondly, it enables rear end crash protection to be improved, as 

15 there is clearance between the jet drive intake duct and the 

differential housing, allowing controlled displacement of the jet 
drive in an impact. 

Another advantage of enhanced jet thrust at low engine 
20 speed is found when leaving or entering water. It is helpful, for 

example, to have good jet thrust available when landing on a 
slipway, to increase grip at the driven road wheels; particularly 
as marine drag is increased -at this stage due to the road wheels 
being in their protracted positions. Furthermore, marine steering 
25 is more effective as more thrust is available; steering control 

when leaving water being of course more crucial than in open 
water. If rear wheel drive is used, as is convenient and 
appropriate with a mid- or rear-mounted engine for good weight 
distribution for planing, the non-driven front wheels will hit 
30 the slipway first; so enhanced low-speed jet thrust is 

particularly helpful until the rear wheels touch ground. It is 
also clearly essential for marine drive to remain engaged until 
road wheel drive is fully effective; so the rotating speeds of 
these two systems must be compatible. 

35 

In order to provide enhanced thrust at low jet speeds, it 
is necessary to use a relatively large diameter impeller. Once 
this decision has been taken, two further benefits in particular 
flow from the unconventional proportions used. 
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First, the relatively large difference between the impeller 
housing diameter and the impeller hub diameter allows 
improvements in energy efficiency, corresponding to those found 
5 in high bypass ratio aircraft jet engines. This is due to three 

factors: one is the reduced influence of boundary layers, because 
a smaller proportion of the water flow loses energy through 
frictional contact with housing and hub. The second is lower 
frictional losses due to lower mean water velocity; and the third 
10 is that the kinetic energy input (one half of mass times velocity 

squared) falls faster than the momentum output (mass times 
velocity) at the necessarily reduced rotating speeds. 

The second initially unexpected advantage of a large 
15 diameter jet is in the area of cavitation - the formation of 

"bubbles" of vacuum which implode adjacent to the impeller blades 
as they are powered through the water. Such activity damages the 
blades by pulling chips of metal off their surfaces - an effect 
known as spalling - and creates unwelcome noise and a concomitant 
20 . loss in efficiency. 

The onset of cavitation is strongly related to blade tip 
speed; so a larger diameter 'jet must run slower. However, small 
impeller blade's are also particularly liable to induce 
25 cavitation, due to the large pressure difference between their 

pressure surfaces and their suction surfaces. If the load is 
spread over a larger blade area, the difference in pressure can 
be reduced, leading to a lower likelihood of cavitation. 

30 Prior art displacement amphibious vehicles having marine" 

jet drives require increased jet speed for increased thrust, but 
also consequentially increase wheel speeds when passing from 
water to land. This led to difficulties in obtaining grip when 
the wheels touch ground; and wastage of power before grounding by 

35 churning up water around spinning wheels. It is clear that if 

adequate jet thrust for effective marine to land conversion is 
available at a jet speed of say, 1000 rpm, rather than a typical 
2500 rpm required by prior art jet drives, a much lower wheel 
speed will result than with a prior art jet drive, if the road 
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transmission is driven at the same speed as the marine • 
transmission. To express this conversely, once the road wheel 
transmission is engaged, the rotation of the wheels in the water 
will increase the load on the whole power train; thus limiting 
the attainable engine speed. Hence the jet speed is 
automatically reduced, and good jet thrust is essential. 

The present invention thus addresses the limitations of 
prior art jet drives and provides a jet drive having particular 
utility in amphibious vehicle applications. 



The present invention provides, in a first aspect, a jet 
drive for an amphibious vehicle comprising: 
a fluid inlet; 
a fluid outlet; 

15 a conduit extending from the fluid inlet to the fluid 

outlet and defining a fluid flow path therebetween; and 

a rotatable impeller housed within the conduit between the 
fluid inlet and fluid outlet, characterized in that: 

the ratio of the axial length of the conduit to the 
20 diameter of the impeller is less than 4.0. 

Preferred embodiments of the present invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which: 
25 Figure 1 is a perspective view of a jet drive and 

powertrain for an amphibious vehicle in accordance with a first 
preferred embodiment of the present invention; 

Figure 2 is a schematic sectional view from one side of the 
jet drive of Figure 1; 
30 Figure 3 is a plan view from underneath of the jet drive 

intake, on line A- A' in Figure 2; and 

Figure 4 is a schematic illustration of the jet drive and 
powertrain of Figure 1 packaged in an amphibious vehicle. 

35 Referring first to Figure 1, there is shown a jet drive and 

powertrain arrangement 10 comprising a jet drive 30 and an 
internal combustion engine 20. A transmission 22 transfers drive 
from the internal combustion engine 20 to two wheel driveshafts 
23 and to a power take off shaft 24 . A decoupler 25 is 
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optionally provided for selectively engaging the power take off 
shaft 24 with a drive shaft 33 of the jet drive 30. Numeral 15 
denotes a central longitudinal axis of the vehicle. It is 
conventional, but not essential, to locate the axis of jet 
impeller 32 on such an axis . 

In Figure 2, the jet drive 30 can be seen to comprise a 
housing 34 which defines a conduit 35 in which a rotatable 
impeller 32 is housed. The housing 34 defines a fluid inlet 36 
located upstream of the impeller 32, a fluid outlet 37 located 
downstream of the impeller 32, and a fluid flow path 
therebetween. The fluid inlet 36 may be provided with a screen 
filter (not shown) to prevent the ingress of unwanted bodies into 
the fluid flow path of the jet drive 30. The fluid outlet 37 
acts as a discharge nozzle for the exiting fluid jet. A first 
end of the drive shaft 33 passes through a wall of the housing 34 
into conduit 35 and is supported by a bearing 47'. The drive 
shaft 33 extends inside the conduit 35 and the impeller 32 is 
mounted on a second distal end of the drive shaft 33. The drive 
shaft 33 acts as a • cantilever, the drive shaft 33 and impeller 32 
being cantilevered from the housing wall via bearing 47. 

It should be noted that not only are some impellers tapered 
from front to rear, as shown; but also that some impeller blades 
have complex swept forms or curved edges. For the avoidance of 
doubt as to how to measure the impeller diameter, all ratios 
expressed within this specification which relate to the impeller 
diameter have been calculated in terms of the more easily defined 
mean internal diameter of the impeller housing (i.e. mean conduit 
diameter) ; which should of course be measured in the housing area 
surrounding the blades. Where the impeller and housing .are 
tapered longitudinally, on a straight or curved taper, the mean 
diameter of the impeller housing in the area swept by the blades 
should be used for all calculations relating thereto. 

A stator 31 may optionally be provided in the fluid flow 
path between the impeller 32 and the fluid outlet 37. The stator 
31 is provided with stator vanes which are arranged so as to 
remove the rotational elements of the fluid flow exiting the 
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impeller 32 , thus presenting a uniform inline jet of fluid at the 
fluid outlet 37. A duct liner (not shown) may be fitted around 
impeller 32 , to protect the jet housing against abrasion. Its 
inside diameter would of course be considered as the effective 
internal diameter of the jet impeller housing 34 (i.e. the 
impeller diameter) . 

The dimensions of the jet drive 30 are important in terms 
of performance and packaging within an amphibious vehicle, as 
will now be described. The axial length of the fluid flow conduit 
is measured along the vehicle from point 42 at the front of 
intake 36 to point 45 at outlet 37. This dimension is preferably 
between 0.3m and 2.0m; more preferably between 0.7m and 1.0m; and 
in a particularly preferred embodiment, substantially equal to 
0.85m. 

The mean impeller housing internal diameter is measured 
around the outside of the blades, and is preferably between 0.1m 
and 0.66m; more preferably between 0.25m and 0.33m; and in a 
particularly preferred embodiment is substantially 0.30m. 

The ratio between the axial length of the conduit to the 
mean impeller housing internal diameter is preferably less than 
4.0; more preferably less than 3.2; and in a particularly 
preferred embodiment is substantially 2.9. 

The width of the jet intake is measured between points 42 
and 43 in Figure 3, as compared to the jet intake length, which 
is measured between point 42 and cutwater 44 in Figure 2. The 
ratio of intake length to width is preferably between 0.4 and 
1.5; more preferably between 0.7 and 1.2; and in a particularly 
preferred embodiment is substantially 0.95. 

It should be noted that in practice, both the front and 
rear of the jet intake may be of curved form in side view. Where 
the front of the intake is curved, point 42 may be taken as the 
point at which the intake diverges upwards from the flat plane of 
the hull adjacent to arrow A at the front of .the intake. 
Similarly, cutwater 4 4 may be defined as the most forward point 
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on a radius in vertical cross-section at the rearward end of the 
jet intake. 

In order to improve the planing characteristics of the 
amphibious vehicle, a ride plate may be fixed below the jet 
intake area as described in the applicant's co-pending UK patent 
application entitled y A Hull For An Amphibious Vehicle' , 
reference AWP/PEH/P62458/000 . Any reduction in jet intake area 
would be negated by the increase in the available planing area. 
The ride plate would conventionally be a pressing, fastened to or 
through the jet housing casting. Hence for the purposes of 
calculations of areas and ratios, a ride plate is regarded as an 
accessory to the jet assembly, whose ratios according to design 
remain unchanged. 

The fluid inlet area of a water jet is conventionally 
measured on a plane from the cutwater at right angles to the 
fluid flow through the jet. This is shown in figure 2 as a dashed 
line joining cutwater 4 4 to point 4 6 on the housing. The outlet 
area is measured at outlet 37. 

For the jet characteristics required for a planing 
amphibious vehicle, the ratio 'of fluid inlet area to fluid outlet 
area is preferably in the range 2.5 to 3.5; more preferably in 
the range 2.8 to 3.2; and in a particularly preferred embodiment 
is substantially 3.03. 

Furthermore, the inlet area may preferably be between 
0.020m 2 and 0.400m 2 ; more preferably between 0.040m 2 and 0.150m 2 ; 
and in a particularly preferred embodiment is substantially 
0.081m 2 . The corresponding outlet area may preferably be between 
0.010m 2 and 0.150m 2 ; more preferably between 0.020m 2 and 0.060m 2 ; 
and in" a particularly preferred embodiment is substantially 
0.027m 2 . 

The flow rate through the jet drive may vary from zero -at 
rest- to 1.5m 3 s~ A at maximum operating speed. In a particularly 
preferred embodiment, the flow rate is substantially 0.2m 3 s _1 at 
an impeller speed of 600 rpm; and substantially l.lm's" 1 at an 
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impeller speed of 3000 rpm. 

The stator inlet, diameter is substantially equal to the 
impeller outlet diameter, and is preferably between 0.11m and 
0.66m; more preferably between 0.25m and 0.35m; and in a 
particularly preferred embodiment, is substantially 0.30m, 

Packaging of the jet drive 30 and engine 20 in a vehicle 50 
with retractable wheels 52 is illustrated in Figure 4. 

Whilst in the preferred embodiment described the powertrain 
20 has been described as comprising an internal combustion engine 
and mechanical transmission 22, it will be appreciated that any 
prime mover and power transmission system may be used to 
implement the jet drive according to the present invention. For 
example, the prime mover may be a spark ignition or compression 
ignition internal combustion engine, an electric motor, a fuel 
cell, a hybrid engine or any combination thereof. The 
transmission of power from the prime mover to the jet drive may 
be effected using any conventional means such as direct 
mechanical drive via drive shafts, manual or automatic 
transmission or continuously variable transmission. 
Alternatively, hydraulic or -electric power transmission means may 
be implemented using hydraulic or electric pumps /generators and 
motors . 

Furthermore, the prime mover may be mounted transversely as 
shown in the figures and as described in the applicant's co- 
pending application published as WO 02/07 999; or longitudinally, 
as is found convenient. An example of a power train comprising a 
longitudinally mounted prime mover may be found in the 
applicant's co-pending application published as WO 02/12005. 

Drive shaft 33 may conveniently be mounted substantially 
parallel to the vehicle longitudinal axis 15, as is shown in the 
figures. However, this layout may result in significant 
transmission damage if the vehicle is struck from behind in an 
accident. It may therefore be preferable to introduce a lateral 
and/or vertical angle to the vehicle longitudinal axis in the 
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mounting of the drive shaft 33 in the vehicle. This encourages 
the jet drive assembly to move laterally and/or "vertically under 
rear impact conditions. In this case, one or more universal 
joints ("UJ's"); or preferably constant velocity ("CV") joints; 
5 may be fitted to at least one end of the drive shaft, preferably 

adjacent to decoupler 25 and/or adjacent to the jet intake 
housing, to ensure smooth running. A suitable rearward joint 
position is shown at 4 8 in figure 2. Alternatively, a joint and 
bearing may be provided just forward of the impeller. This has 
10 the advantage of providing improved support for the impeller, but 

obstructs water flow through the intake duct; and must have 
highly effective sealing against water ingress. 

Such a skewed drive shaft may also accommodate the effects 
15 on the marine drive shaft of driveline shunt where a transverse 

engine is fitted. Driveline shunt is caused by a transverse 
engine rocking backwards and forwards on its mountings as power 
is applied and removed, and could be damaging to a substantially 
longitudinal drive shaft. Finally, as is known in the automotive 
20 engineering art, two universal joints could be fitted at opposite 

ends of the shaft; but ninety degrees out .of phase with each 
other in a rotational sense, to dampen out transmission 
vibrations. 

25 To allow the amphibious vehicle to brake or to travel in 

reverse on water, there are two possible solutions. One is to 
provide a reversing bucket downstream of the jet fluid outlet, as 
is known in the marine jet drive art. Reversing buckets provide 
efficient and controllable reverse drive, but are unsightly on a 

30 road vehicle. Where the jet is driven through the road wheel 

transmission, the alternative is to use the transmission reverse 
gear to drive the impeller in an opposite direction to that 
required for forward motion of the vehicle to effect a braking or 
a reversing function. 

35 

As an example of the efficient performance of the jet drive 
described above, it has been found that an amphibious vehicle 
travelling' over water at a speed of 8.7 knots (4.5ms" 1 ) at a trim 
angle between ten and fifteen degrees, will rise onto the plane 
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despite having a through water drag co-efficient greater than 
0.27 under these conditions. 

Furthermore, a jet drive according to the construction 
described above has been found to generate a peak bollard pull of 
at least 7kN from an engine peak power of less than 135kW, within 
a jet overall length of less than 860mm. 
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CLAIMS 

1. A jet drive for an amphibious vehicle comprising: 
a fluid inlet; 
5 a fluid outlet; 

a conduit extending from the fluid inlet to the fluid 
outlet and defining a fluid flow path therebetween; and 

a rotatable impeller housed within the conduit between the 
fluid inlet and fluid outlet, wherein: 
10 the ratio of the axial length of the conduit - to the 

diameter of the impeller is less than 4.0. 

< 2. A jet drive as claimed in claim 1 wherein the ratio of the 
axial length of the conduit to the diameter of the impeller is 
15 less than 3.2. 

3. A jet drive as claimed in claim 1 or claim 2 wherein the 
ratio of the axial length of the conduit to the. diameter of the 
impeller is substantially 2.9. 

20 

4. A jet drive as claimed in any of the preceding claims 
wherein the axial length of the conduit is in the range 0.3m to 
2.0m, and the diameter of the impeller is in the range 0.1m to 
0.66m. 

25 

5. A jet drive as claimed in any one of the preceding claims 
wherein the axial length of the conduit is in the range 0.7m to 
1.0m and the diameter of the impeller is in the range 0.25m to 
0. 33m. 

30 

6. A jet drive as claimed in any one of the preceding claims 
wherein the axial length of the conduit is substantially 0.85m 
and the diameter of the impeller is substantially 0.295m. 

35 7. A jet drive as claimed in any one of the preceding claims 

wherein the ratio of the length of the jet intake to the width of 
said intake is in the range 0.4 to 1.5. 

8. A jet drive as claimed in any one of the preceding claims 
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wherein the ratio of the length of the jet intake to the width of 
said intake is in the range 0.7 to 1.2. 

9. A jet drive as claimed in any one of the preceding claims 

5 wherein the ratio of the length of the jet intake to the width of 

said intake is substantially 0.95. 

10. A jet drive as claimed in any one of the preceding claims 
wherein the ratio of fluid inlet area to fluid outlet area is in 

10 the range 2.5 to 3.5. 

11. A jet drive as claimed in any one of the. preceding claims 
wherein the ratio of fluid inlet area to fluid outlet area is in 
the range 2 . 8 to 3 . 2 . 

15 

12. A jet drive as claimed in any one of the preceding claims 
wherein the ratio of fluid inlet area to fluid outlet area is 
substantially 3.03. 



20 13. A jet drive as claimed 

wherein the fluid inlet area 
and the fluid outlet area is 



in any one of the preceding claims 
is in the range 0.020m 2 to 0.4 00m 2 , 
in the range 0.010m 2 to 0.150m 2 . 



14. A jet drive as claimed in any one of the preceding claims 
25 wherein the fluid inlet area is in the range 0.040m 2 to 0.150m 2 , 

and the fluid outlet- area is in the range 0.020m 2 to 0.060m 2 . 

15. A jet drive as claimed in any one of the preceding claims 
wherein the fluid inlet area is substantially 0.081m 2 , and the 

30 fluid outlet area is substantially 0.027m 2 . 

16. A jet drive as claimed in any one of the preceding claims 
wherein the rate of fluid flow through the jet drive is in the 
range 0m 3 s" x to 1.5m 3 s~ l . 

35 

17. A jet drive as claimed in any one of the preceding claims 
wherein the rate of fluid flow through the jet drive varies from 
substantially 0.2m 3 s" 1 when the impeller is driven at 600rpm to 
substantially l.lnvV 1 when the impeller is driven at 3000rpm. 
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18. A jet drive as claimed in any one of the preceding claims 
further comprising a stator . housed within the conduit between the 
impeller and the fluid outlet. 

5 

19. A jet drive as claimed in claim 18 wherein the stator has 
an inlet diameter in the range of 0.11m to 0.66m. 

20. A jet drive as claimed in claim 18 or claim 19 wherein the 
10 stator has an inlet diameter in the range of 0.25m' to 0.35m. 

21. A jet drive as claimed in any one of claims 18 to 20 
wherein the stator has an inlet diameter of substantially 0.305m. 

15 22. A jet drive as claimed in any one of the preceding claims 

wherein the jet drive generates a peak bollard pull of at least 
.7kN from an engine peak power of less than 135kW, within a jet 
overall length of less than 8 60mm. 

20 23. A jet drive as claimed in any one of the preceding claims 

further comprising a reversing bucket located downstream of the 
fluid outlet which can be used to redirect flow of fluid expelled 
from the fluid outlet to effect a braking or a reversing 
function. 

25 

24. A jet drive as claimed in any one of the preceding claims 
wherein the impeller can be driven in an opposite direction to 
that required for forward motion of the vehicle to effect a 
braking or a reversing function. 

30 

25. A jet drive as claimed in any one of the preceding claims 
wherein the drive shaft from the power take off to the jet input 
is skewed horizontally and/or vertically relative to the 
longitudinal axis of the vehicle. 

35 

26. A jet drive as claimed in claim 25 further comprising at 
least one universal joint affixed to the drive shaft. 

27. A jet drive as claimed in claim -25 or claim 26 further 
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wherein the impeller can be driven in an opposite direction to 
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wherein the drive shaft from the power take off to the jet input 
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35 

26. A jet drive as claimed in claim 25 further comprising at 
least one universal joint affixed to the drive shaft. 

27. A jet drive as claimed in claim 25 or claim 26 further 



D13 



UK 1.0 



comprising at least one constant velocity joint affixed to the 
drive shaft. 

28. A jet drive as claimed in any one of the preceding claims 
which is fully contained within the amphibious vehicle such that 
no part of the jet drive extends out of the vehicle. 

29. A jet drive for an amphibious vehicle comprising: 
a fluid inlet; 

a fluid outlet; 

a conduit extending from the fluid inlet to the fluid 
outlet and defining a fluid flow path therebetween; and 

a rotatable impeller housed within an impeller housing in 
the conduit between the fluid inlet and fluid outlet, wherein: 

the ratio of the axial length of the conduit to the mean 
internal diameter of the impeller housing is less than 4.0. 

30. A jet drive as claimed in claim 29 wherein the ratio of the 
axial length of the conduit to the mean internal diameter of the 
impeller housing is less than 3.2. 

31. A jet drive as claimed in claim 29 or claim 30 wherein the 
ratio of the axial length of the conduit to the mean internal 
diameter of the impeller housing is substantially 2.9. 

32. A jet drive as claimed in any one of claims 29 to 31 
wherein the axial length of the conduit is in the range 0.3m to 
2.0m, and the mean internal diameter of the impeller housing is 
in the range 0.1m to 0.66m. 

33. A jet drive as claimed in any one of claims 29 to 32 
wherein the axial length of the conduit is in the range 0.7m to 
1.0m and the mean internal diameter of the impeller housing is in 
the range 0.25m to 0.33m. 

34. A jet drive as claimed in any one- of claims 29 to 33 
wherein the axial length of the conduit is substantially 0.85m 
and the mean internal diameter of the impeller housing is 
substantially 0.295m. 



013 



- 17 - 



35. Use of a jet drive as claimed in any one of the preceding 
claims to propel an amphibious vehicle operating in marine mode. 

5 36. Use of a jet drive as claimed in any one of claims 1 to 34 

to propel an amphibious vehicle operating in marine mode to a 
speed where sufficient hydrodynamic lift is achieved for the 
vehicle to plane. 

10 37. Use of a jet drive as claimed in any one of claims 1 to 34 

to propel an amphibious vehicle having a through water drag co- 
efficient at a speed of 8.7 knots (4.5ms -1 ) and a trim angle 
between ten and fifteen degrees greater than 0.27, the jet drive 
propelling the vehicle when ' operating in marine mode to a speed 

15 where sufficient hydrodynamic lift is achieved for the vehicle tc 

plane. 

38. An amphibious vehicle incorporating the jet drive as 
claimed in any one of claims 1 to 34 . 

20 

39. A jet drive substantially as hereinbefore described with 
reference to or as shown . in Figures 2 and 3 of the accompanying 
drawings. 

25 40. Use of a jet drive substantially as hereinbefore described 

with reference to or as shown in Figures 2 and 3 of the 
accompanying drawings . 

41. An amphibious vehicle incorporating a jet drive 
30 substantially as hereinbefore described with reference to or as 

shown in Figures 2 and 3 of the accompanying drawings. 
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